Abstract: Whole rice bran (WRB) was added to Japanese quail feed, and the effects of stabilization of the WRB with organic acids and its storage for different amounts of time were evaluated with respect to performance and egg quality, centesimal composition, and sensory characteristics. We used 150 90-d-old Japanese quails. We had a 5 × 2 factorial scheme of five storage periods (0, 30, 60, 90, and 120 d), with and without organic acid treatment. To replace corn, 20% WRB was added to the diet. Feed consumption increased for up to 71 d of bran storage (P = 0.01) and then subsequently decreased. An increasing quadratic relationship was observed between egg mass and storage time for up to 71 d of storage (P = 0.03); egg mass then decreased thereafter. The specific gravity of the eggs produced by birds that received treated WRB at 0 d of storage was greater than those of eggs produced by birds that received treated WRB after 90 d of storage. In conclusion, the organic acid treatment maintained the quality of the WRB over up to 120 d of storage and could comprise 20% of the laying quails' diet without affecting growth performance, egg quality, bromatological composition, or the sensory attributes of the eggs.
Introduction
Quail farming is an expanding activity that has been highlighted for its ability to increase the production of eggs and meat and to generate jobs and income at all levels of the production chain (Leandro et al. 2005; Teixeira et al. 2012) . Corn is the main energy source in quail diets; this ingredient constitutes 60%-70% of the total cost, and its price is governed by exchange rates and market values. However, alternative ingredients have also been tested depending on availability and market price (Amoah and Martin 2010; Quevedo Filho et al. 2013) . Whole rice bran (WRB), which is available in rice production regions, is one such ingredient.
Whole rice bran represents approximately 13% of the weight of rice grains and is made up of pericarp, germ, and small amounts of peel (Ju and Vali 2005) , which are obtained after grain polishing. Whole rice bran is rich in oil, but it is subject to rancidity due to activation of lipase enzymes that accelerate the decomposition of oils and fats; this, in turn, reduces its useful storage time, making it difficult for feed mills to use. Because WRB is highly susceptible to oxidation, which usually occurs through peroxidases and autoxidation processes, its quality can be compromised, and it is difficult to use for oil extraction or animal feed (Zhang et al. 2007 ).
Stabilization decreases lipase activity and thus maintains the nutritional quality of WRB (Brunschwiler et al. 2013) . The inactivation of lipolytic enzymes using chemical products such as hydrochloric acid, acetic acid, and propanol has also been studied (Prakash 1996) . In a previous study (Gopinger et al. 2015) , our research group demonstrated that the addition of a 2% mixture of acetic acid:propionic acid resulted in lower indices of lipid acidity (19.66%) as well as lower primary (K 232 ) lipid oxidation products (2.81%) and secondary (K 270 ) lipid oxidation side products (12.35%), demonstrating the benefits of the use of organic acids to maintain lipid acidity and reduce lipid oxidation products during storage. Depending on the stabilization treatment, lipolytic enzymes may be reversibly or partially inhibited or may be permanently denatured.
Any changes in the composition of the diet should not be accompanied by a reduction in the quantity and (or) quality of the edible products produced, including the quality of eggs. We evaluated the effect of the stabilization of WRB with organic acids with respect to storage time as well as the effects of these factors on quail feed, as measured by zootechnical performance, egg quality, centesimal composition, and egg sensory characteristics.
Materials and Methods
The methods and protocols for this experiment were approved by the Ethics Commission in Animal Experimentation (CEEA) of the Federal University of Pelotas, Brazil, under protocol number 3757.
Experimental design, animals, and diets
The experiment was performed in the Poultry Section of the Teaching Laboratory of Animal Science and Experimentation (LEEZO) of the Federal University of Pelotas.
We evaluated 150 90-d-old Japanese quails (Coturnix coturnix japonica) for 56 d. The birds were housed in metal cages with manual metal feeders and nipple-type automatic waterers.
The quails were distributed in a 5 × 2 factorial scheme of a completely randomized design that included five WRB storage periods (0, 30, 60, 90 , and 120 d) with or without organic acid treatment of the WRB. There were three birds per replicate and five replicates per treatment.
The diets were formulated to meet the nutritional requirements recommended by Rostagno et al. (2011) and included isocaloric, isoproteic, and isovitaminic diets, each of which included 20% WRB (Table 1) . The chemical composition of the WRB before and after storage and treatment were published previously (Gopinger et al. 2015) . Before storage, the WRB consisted of 14.63% protein, 21.60% lipids, 11.84% ash, and contained 4706 kcal kg −1 . After storage without organic acid treatment, the chemical composition of the WRB was as follows: 13.84% protein, 20.07% lipids, 11.71% ash, and 4637 kcal kg −1 . After storage with organic acid treatment, the chemical composition was as follows: 14.13% protein, 20.57% lipids, 11.71% ash, and 4626 kcal kg −1 .
These differences demonstrate the benefits of the use of organic acids to maintain WRB quality during storage. We used WRB produced in the municipality of Pelotas, Brazil. One of the samples was treated with a mixture (2% based on bran weight) of acetic acid P.A. and propionic acid P.A. (1:1 m/m). A sample without the acid mixture was used as a control (no treatment).
The organic acid mixture was applied by spraying the bran layer, which was 2-cm thick and spread on an impermeable polyethylene film. After the treatment, the treated WRB and the control WRB were conditioned in low-density polyethylene bags (10-μm thick with a 30-kg capacity). The samples were stored in a storage chamber at 18°C. The temperature was controlled by a thermometer, and the samples were protected from light. To simulate a semihermetic storage system, the experimental methodology included opening the packages to allow for bran aeration every 30 d of storage. Silos and grain warehouses use a similar process with regular airings to avoid anaerobiosis of the environment and to reduce temperature nonuniformities from internal convective currents (Paraginski et al. 2014) .
During the experiment, the birds received water and were fed ad libitum. The lighting schedule was 17 h of light and 7 h of darkness per day.
Performance and quality of eggs
Eggs were collected and weighed daily to determine total production and average weight. The egg production percentage was calculated as the number of eggs produced divided by the number of birds in each replicate. Egg mass was the percentage of eggs produced (bird d −1 ) multiplied by the average egg weight for each replicate multiplied by 100. Daily feed intake was defined as the difference between the total feed provided and that leftover at the end of the cycle, divided by the number of experiment days and the number of birds in the replicate. Feed conversion per egg mass was calculated as the daily feed intake divided by the egg mass (g g −1 ). To assess the internal quality of the eggs, we collected the eggs produced in the last 2 d of each cycle. We determined albumen height, yolk color, yolk percentage, albumen percentage, and Haugh units. To determine albumen height (mm), we used a specific rule (FHK trademark). Yolk color was evaluated using a colorimetric range (DSM). The percentage of yolk and albumen were determined by weighing each on a digital scale (Marte, model AS 5500 C, accurate to 0.1 g) and then multiplying the weight by 100 and dividing it by the egg weight. The Haugh unit was obtained from egg weight and albumen height using the formula: UH = 100 Log (H + 7.57 -1.7 W 0.37 ), where H is albumen height and W is egg weight.
The following variables were studied to describe external egg quality: specific gravity (g cm
), thickness (μm), and percentage of shell (%). To determine the specific gravity of the eggs, they were immersed in NaCl solutions of various concentrations, ranging from 1.050 to 1.098 g cm −3 at intervals of 0.004 g cm
, and withdrawn once they floated. Shells were identified and then washed and dried at room temperature so that their weight and thickness could be obtained later. To determine the percentage of shell, the shells were weighed individually using an analytical digital scale (UniBloc, AUY-220, accurate to 0.1 mg), the resulting weight was multiplied by 100 and divided by the egg weight. The thickness (μm) was measured at the central ring of the shell of each egg using a manual micrometer (Starrett brand, with a precision of 0.01 μm).
Three eggs per treatment were used for proximate analysis, for a total of five replicates per treatment. The samples were homogenized, weighed, and dried in an oven with forced ventilation at 60°C for 72 h; for further dry weight analysis, they were then dried at 105°C for 16 h; for mineral matter analysis, they were dried in a muffle furnace at 550°C for 5 h. Nitrogen was determined by the micro-Kjeldahl method, using the American Association of Cereal Chemists (AACC) factor of 6.25 for total nitrogen conversion in crude protein (1995) . Fat content was determined following the 30-20 method of the AACC (2000).
Sensory analysis
To evaluate sensory attributes, eggs were collected, classified according to treatment, and sent to the Meat and Sensory Analysis Laboratory of the Department of Animal Science, where they were stored under refrigeration until tested.
Following Seibel et al. (2010) , we also held a training session before selecting ours judges. Eggs were prepared for evaluation by cooking them in boiling water for 7 minutes. Once at room temperature, they were peeled and served in plastic containers coded with three random digits. The samples were tested in separate cubicles, and a nine-point scale (from "strong" on the left to "weak" on the right) was used to evaluate the following attributes: color, characteristic odor and flavor (characteristic of the species), odor and taste of fat, sour flavor, off flavor (unidentifiable), aftertaste (after swallowing), hardness, and overall sensory quality (Stone and Sidel 1998) . The design was balanced over complete blocks, and the eggs were evaluated over six sessions. Each session consisted of five dishes, with 10 samples of a single treatment type per plate. Nine judges were trained, and these judges tested six replicates for each of the 10 treatments.
Statistical analyses
The data were analyzed using GLMs in the SAS Program (SAS Institute, Inc., Cary, NC, 2002). The effect of storage time was evaluated using Tukey's test, and the means of the various parameters were compared with t-tests to evaluate the effect of organic acid use. A significance level of 5% was used for both tests.
The interaction between storage time and the use of organic acids was also evaluated. Because there was not a significant interaction, we separately evaluated the effect of storage time by polynomial regression analysis and the use of organic acids by t-test, both at a significance level of 5%.
For the sensory analysis, a GLM was first made with panelist as a fixed effect in addition to the factors of session and treatment type to analyze the consensus values. Subsequently, the effects of treatment type and session (through the addition of a second test plate) were analyzed. Note: Means that are followed by different lowercased italic letters within a column (time effect) differ between themselves according to Tukey's test with 5% probability.
Results and Discussion
No interaction was found (P > 0.05) between WRB storage time and the use of organic acids on egg production, egg weight, daily feed intake, egg mass, or feed conversion per mass. The use of organic acids had no effect on egg production, egg weight, daily feed intake, egg mass, or feed conversion per mass (Table 2) . Amoah and Martin (2010) evaluated the addition of 20% rice bran to the diet of laying quails and did not find differences in egg production, egg weight, or egg mass between diets with or without rice bran. Similarly, Freitas et al. (2013) evaluated the addition of 5, 10, 15, 20, and 25% parboiled rice bran to the diet of laying quails and did not find differences in egg production, egg weight, feed intake, or feed conversion.
No effects (P > 0.05) were found when we separately evaluated the effect of WRB storage time on egg production, egg weight, egg mass, and conversion per mass (Table 2) . We found a quadratic relationship (P = 0.01) between feed intake and storage time for up to 71 d of WRB storage; feed intake then decreased according to the equation Y = 24.53 + 0.037x -0.00026x 2 . Egg mass also exhibited a quadratic relationship with storage time (P = 0.03), with a maximum value at 71 d of storage; egg mass then decreased according to the equation Y = 10.85 + 0.01x -0.00007x 2 . The increase in feed intake after 71 d of storage can be explained by the loss of nutritional components in the bran during storage. According to published data (Gopinger et al. 2015) , a reduction in gross energy was observed from 4700 kcal kg at 120 d of storage; this reduction was caused mainly by the reduction in lipid content because lipids are the macromolecular constituents with the greatest caloric equivalent. The reduction in the gross energy of the bran causes a reduction in the energy density of the diet. However, according to Leeson and Summers (2001) , the birds regulate their voluntary feed intake based on energy intake; therefore, birds fed lower energy diets will increase feed intake. Furthermore, a previous study (Gopinger et al. 2015) found that the lipid acidity of the bran increased during storage from 63.06 mg NaOH × 100 g −1 at 0 d of storage to 101.08 mg NaOH.100 g −1 after 120 d of storage.
This increase demonstrates the effect of storage on the lipid acidity of the bran, which could explain the reduction in consumption after 60 d of storage as resulting from a decrease in the quality of the bran because even if the WRB contains less energy, a reduction in consumption will occur due to lipid acidity. The increase in acidity is indicative of enzymatic hydrolysis of fatty acids, especially by lipases, which ruptures the ester bonds between fatty acids and glycerol (Naz et al. 2004 ). According to Genkawa et al. (2008) and Park et al. (2012) , the acidity of the oil can also be used as an index of the deterioration in quality that occurs during storage because lipolysis occurs faster than the degradation of proteins and starch. Egg mass and feed consumption are directly proportional because as consumption increases so does the intake of amino acids, which increases egg mass. Moura et al. (2010) found an increase in egg mass for diets with low energy density.
The interaction between storage time and the use of organic acids did not significantly affect (P > 0.05) the internal qualities of the eggs. Similarly, when storage time and the use of organic acids were evaluated separately, neither had an effect on albumen height, yolk color, percentage of yolk, percentage of albumen, Haugh unit, percentage of shell, or shell thickness (Table 3) .
Quevedo , who also evaluated the internal qualities of quail eggs, found that neither the percentage of yolk and albumen nor the Haugh unit were influenced by increasing the amount (0%, 5%, 10%, The interaction between storage time and the use of organic acids had a significant effect on the specific gravity of the eggs (P = 0.04). The eggs produced by birds provided a diet containing bran treated with organic acids at 0 d of storage exhibited greater specific gravity than those produced after 90 d of storage; these values did not differ from those for other storage times (Table 4 ). The use of treated or untreated WRB did not affect specific gravity as a function of storage time.
The specific gravity is a measure of the quality of the eggs' shells. It is the ratio of the egg weight to that of an equal volume of water. The specific gravity of the egg and shell thickness are directly related. Therefore, a high specific gravity is indicative of a thicker shell, which, in turn, is related to the resistance of the egg to breakage (Bell and Weaver 2001) . According to Leeson and Summers (1997) , shell quality is related to nutritional factors, and calcium, which is exclusively derived from the diet, is the main mineral involved in the formation of the shell (Jiang et al. 2013) . However, vitamin D 3 is responsible for the active transport of calcium in the intestine (Leeson and Summers 1997) ; therefore, this vitamin also affects the formation of the shell, and it is absorbed along with lipids from the diet (Jiang et al. 2013) . Consequently, a reduction in specific gravity can be attributed to lower calcium absorption, possibly due to the reduction in the bran's lipid content after 90 d of storage; at 90 d, lipid content was 20.7%, whereas at 0 d, it was 21.6%.
Quevedo observed a decrease in the specific gravity of eggs produced by quails fed a diet containing more than 20% added parboiled rice bran and attributed this reduction to the presence of antinutritional factors in this ingredient.
The interaction between storage time and the use of organic acids did not have a significant effect on the bromatological composition of the eggs (P > 0.05). Storage time and the use of organic acids also did not significantly affect the water content, mineral material, crude protein, or ether extract of the eggs (Table 5) .
The bromatological composition values of the eggs ranged from 74.61% to 76.06% water; 0.89% to 1.02% mineral matter; 11.51% to 12.02% crude protein; and 10.73% to 11.40% ether extract. These composition values were similar to those of Genchev (2012) , who found from 0.98% to 0.89% mineral matter and 11.15% to 10.65% ether extract and no differences in the composition of eggs from quails of different ages.
The effect of the interaction (P > 0.05) between storage time and the use of organic acids on the sensory characteristics of the quail eggs was not significant, and when considered separately, neither of these factors affected any of the following: color, characteristic odor and flavor, odor and taste of fat, sour taste, off flavor, aftertaste, hardness, and overall sensory quality of the eggs (Table 6 ). Flavor and odor changes and the generation of an "off flavor" can occur because of the acidity of lipids, both in feed and animal products, because these acids are particularly susceptible to lipid oxidation (Lopez-bote et al. 1998) . However, the increase in the lipid acidity of the bran did not affect the taste or odor of the eggs.
In conclusion, the use of WRB stored for 120 d and stabilized can be used in the feed for Japanese quail without affecting performance, egg quality, or the bromatological composition or sensory attributes of the eggs, and stabilization with mixture organic acids does not affect in feed of the quails
